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 Identification of artefacts formed during gas chromatography analysis of firearms propellant. 
 Identification of a previously unreported diphenylamine derivative. 
 Identity of artefact confirmed by synthesis. 
 
ABSTRACT 
In the course of providing assistance to legal counsel in a matter that involved the analysis of firearms 
propellant by gas chromatography/mass spectrometry it was noticed that phenoxazine was reported 
as a component of 0.22 calibre propellant that contained diphenylamine as the stabiliser.  The 
research was conducted to find how phenoxazine was formed.  The results showed that the 
compound was not phenoxazine but a diphenylamine derivative 4-(phenylimino) cyclohexa-2,5-dien-
1-one that formed in the injection port of the gas chromatograph.  In addition a second artefact was 
found to form in the ion source of the mass spectrometer.  While the presence of the artefacts does 
not affect the ability to identify particles as propellant they may impact on comparison with source 
ammunition.  
 








Firearm propellant particles vary widely in colour, morphology and composition between different 
calibres of ammunition and between manufacturers. Their shape can include balls, flattened balls, 
disks, tubes and rods and colours can include green, yellow, grey and white (1).  Propellant particles 
are often coated with a layer of graphite as an external lubricant and therefore will appear black, 
with the underlying colour only revealed when the coating is removed.  The bulk of the chemical 
composition of firearms propellants is provided by the propellant compounds nitrocellulose and 
nitroglycerine (NG).  Additives that include stabilisers, plasticizers and burn modifiers are present 
and contribute to the compositional variation (2,3).  If partially burnt particles are located following 
a shooting incident examination of their physical appearance and analysis to determine their 
chemical profile can provide definitive evidence of a firearms origin and potential indication of a 
source ammunition,(2,3,4).  Gas chromatography/mass spectrometry (GCMS) is a widely used 
analytical technique to determine the chemical profile of propellants (4,5). 
Ethyl centralite and diphenylamine (DPA) are common stabilisers added to propellants.  Their 
function is to remove nitrogen oxides produced by the degradation of nitrocellulose and 
nitroglycerine and so prevent autocatalytic decomposition of the propellant.  DPA, the stabiliser 
studied in this paper, produces a range of nitro and nitroso derivatives (6-8) from the reaction with 
the propellant decomposition products.  The reaction pathways for this process are shown in Figure 
1 with the primary reaction/degradation product being N-nitroso DPA (NnDPA).  This compound 
undergoes further reactions to produce the nitrodiphenylamine (NDPA) products shown in Figure 1.  
The detection of NDPAs as components of propellant can be an indicator of the level of degradation 
and a possible measure of age. .   
Figure 1.here 
In the course of providing assistance to legal counsel in a matter where the analysis of firearms 
propellant by GCMS was involved it was noticed that phenoxazine (Figure 2) was reported as a 
component of 0.22 calibre propellant that contained diphenylamine as the stabiliser (9).   No 
reference to phenoxazine being a component of propellant formulations could be found and it was 
difficult to explain as a possible by-product of the manufacturing process. The formation of this 
compound is also not indicated in the reaction scheme for the nitration of DPA in the cartridge case 
as shown in Figure 1.  While it is recognised that the elevated temperatures within the injection port 
of the gas chromatograph would lead to formation of the products shown in figure 1 (10) the 
possibility of the formation of other DPA-related products beside those shown in figure 1 should be 
considered.  It had been noted during the course of routine work within the laboratory that the gas 
chromatographic profile of propellants was influenced by the cleanliness of the inlet path and this 
could also contribute to artefact formation.   
 Figure 2 here 
In this paper we report on investigations undertaken to determine whether phenoxazine or other 







Propellant was obtained by unpacking a 0.22 rimfire cartridge of PMC (Korea) manufacture known 
to consist of nitrocellulose, nitroglycerine, diphenylamine (stabiliser) and dibutyl phthalate 
(plasticizer).  GCMS analysis confirmed this composition. 
GCMS Analysis 
Instrumentation and Conditions 
Analysis was performed using an Agilent Technologies 7890A gas chromatograph with a 7693 
autosampler and a 5975C mass selective detector (MSD) operated from 40 to 500 amu in electron 
impact (EI) mode with an ionization energy of 70eV and source temperature of 230oC (unless 
otherwise stated). Helium was used as the carrier gas at constant flow of 68 cm/s with an inlet split 
ratio of 20:1; the column was a 30 m x 0.25mm x 0.25μm HP-5ms fused-silica capillary and the 
injection port was held at 200°C (unless otherwise stated). GC conditions were (i) for the large 
number of sequential samples the initial column temperature was 60°C for 2 minutes and then 
ramped at 40°C/min to 250°C (ii)  later work investigating possible co-elution used an initial column 
temperature of 140oC for 1 minute and then ramped at 10oC/min to 250oC. 
 Production of Artefacts 
An attempt was made to induce the appearance of artefacts in the analysis profile due to inlet 
contamination through 200 injections of propellant solutions without changing the injection port 
liner. To promote inlet port soiling, a concentrated solution of propellant particles dissolved in 
acetonitrile (20mg/mL) was prepared for repetitive analysis through an SGE split/splitless liner with 
silanised glass wool.  It is recognised that such a large number of repetitive injections and using a 
concentrated propellant solution does not reflect routine analytical practice but this was done to 
ensure the formation of any artefacts. 
Similar studies were made by co-injecting nitroglycerine with diphenylamine, nitroglycerine with 2-
NDPA and nitroglycerine with N-nitrosodiphenylamine. 
Chemicals 
Standards of phenoxazine (TCI Co. Ltd.), diphenylamine (AnalaR, BDH Chemicals Ltd.) and N-nitroso 
diphenylamine (Sigma-Aldrich) were used. 
Synthesis of 4-(Phenylimino)cyclohexa-2,5-dien-1-one 
This compound (Figure 3) was identified as a possible GC artefact in the experiments and it was 
synthesised as follows to provide a standard for comparison with the suspected artefact. 
4-Hydroxydiphenylamine (500mg, 2.7 mmol) was dissolved in dichloromethane (30 mL) and Dess-
Martin periodinane (1.15 g, 2.7 mmol) was added with stirring at room temperature.  An immediate 
colour change to deep red was noted and the mixture left to stir for a further 15 minutes.   The 
reaction mixture was diluted with dichloromethane (70 mL) and quenched with sodium thiosulphate 




15 minutes.  The organic phase was isolated, washed with water (1x25 mL), dried (Na2SO4) and the 
solvent removed in vacuo.  The dark residue was purified by column chromatography (neutral 
alumina, Brockman II) eluting with chloroform to yield the product as a deep orange to red solid (0.46 
g, 93% yield). 
The identity of the desired compound was confirmed by GCMS analysis (see Figure 4) and NMR 
spectroscopy. 
Figure 3 here 
RESULTS AND DISCUSSION 
 The Effect of a Soiled Liner on the Chromatographic Profile 
The amount of DPA detected decreased significantly with the number of injections and as expected 
this was accompanied by an increase in the amount of 2N and 4N DPA.  This was assumed to be an 
indication of soiling of the inlet liner and is shown in Figure 4.  Notably, phenoxazine (retention time 
of 6.77 min and base peak m/z 183 Da) was not detected in these chromatograms but another 
compound with a prominent m/z 183 Da appeared at a retention time of approximately 6.2 minutes 
after about 60 injections.  The retention times of the propellant components, artefacts and 
phenoxazine are shown in table 1. 
 
Figure 4 here 
Identification of the artefact at Rt 6.2 min and m/z 183 Da 
Phenoxazine shows the same base peak at 183 Da but the remainder of the mass spectrum shows 
clear differences, for example phenoxazine has a prominent ion at m/z 127 while the spectrum of 
the compound at Rt 6.2’ shows an ion at m/z 129.  Other differences can be seen as shown in Figure 
5.  A mass spectral library search (NIST11) gave the compound 4-(phenylimino)cyclohexa-2,5-dien-1-
one (or N-phenyl-1,4-benzoquinone) as the highest ranked candidate; with phenoxazine ranked 
second. Similarity between the two spectra suggests that a library search could place phenoxazine 
as the first choice in the absence of other possibilities.  Therefore if a phenoxazine standard was not 
run it is possible that it was misidentified from a library search.   
Figure 5 here 
GCMS analysis of the synthesised 4-(phenylimino)cyclohexa-2,5-dien-1-one gave both retention time 
and mass spectrum corresponding to that of the propellant artefact peak.  This clearly excludes 
phenoxazine and strongly supports the identity of 4-(phenylimino)cyclohexa-2,5-dien-1-one as the 
artefact. However, this did not explain the presence of an ion of 185 Da.  
Identification of the source of the ion at m/z 185 Da 
Subtraction of the contribution from 4-(phenylimino)cyclohexa-2,5-dien-1-one from the mass 
spectrum of the component at Rt 6.2 min left a mass spectrum resembling 4-(phenylamino)phenol 
(Figure 6). However, this compound had a retention time of 6.9 minutes and so could not be co-




other components revealed that it was actually a further artefact induced by the high temperature 
(230oC) of the ion source. With an ion source temperature of 130oC, the 185 Da contribution was 
minimized as illustrated in Figure 7. Subtraction of this spectrum from the mass spectrum derived 
with an ion source temperature of 230oC provided a spectrum once again similar to 4-
(phenylamino)phenol. 
Figures 6 and 7 here  
Possible Formation of the 4-(phenylamino)cyclohexa-2,5-dien-1-one Artefact. 
The GCMS analysis of a mixture of DPA and NG using the soiled liner is shown in Figure8.  The artefact 
peak at 6.2 minutes is clearly visible indicating a DPA reaction with NG is a contributing source.  The 
expected production of 2 and 4NDPA is also evident. 
Figure 8 here 
The primary nitration product of DPA is NnDPA (4) and co-injection of a solution of NnDPA and NG 
produced a chromatographic profile essentially identical to that provided in Figure 8; showing DPA 
not NnDPA due to the thermal instability of the latter. So, while a reaction between NG and NnDPA 
must be considered as a possible source of the artefact, since there is reversion to DPA, the primary 
reaction may be between DPA and NG.  Conversely, co-injection of a mixture of NG and 2-NDPA or 
4-NDPA did not produce the artefact component at 6.2 minutes. 
We have not been able to explain how the artefact is formed and are unable to propose a reaction 
mechanism at this time.  Further research will investigate this issue.  
The effect of a soiled liner can also be induced by using elevated injection port temperatures. Figure 
9 shows the change in analysis profile as thermal decomposition is induced in the injection port. The 
production of nitroDPA compounds with the associated loss of NG and DPA is the most prominent 
feature with rising temperature but the formation of 4-(phenylimino)cyclohexa-2,5-dien-1-one is 
also indicated.  
Figure 9 here 
CONCLUSION 
Two diphenylamine analogues have been shown to be produced as artefacts during GCMS analysis 
of firearms propellant that contains diphenylamine as the stabiliser. 
(i)  4-(phenylimino)cyclohexa-2,5-dien-1-one is formed as an artefact in the injection port by reaction 
of DPA with the nitro-esters or their decomposition products.   The injection port liner conditions 
and temperature are important contributory factors to the formation of this artefact  
(ii)  4-(phenylamino)phenol is formed as an artefact in the ion source of the mass spectrometer.  
Higher temperatures in the ion source (230C) favour the formation of this artefact. 
It should also be remembered that the amount of 2N and 4N DPA can be enhanced over that present 




While the occurrence of artefacts does not affect the ability to identify a particle as a propellant from 
its chemical profile, caution must be exercised if any quantitative or semi-quantitative comparisons 
with a source propellant are to be made   GCMS is a valuable technique for propellant analysis due 
to its sensitivity and resolution as long as an awareness of the potential for artefact formation is 
maintained. Contamination of the inlet liner and any artefact formation can be easily monitored by 
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Table 1: Compounds and retention times for propellant chromatograms 
 
 




Nitroglycerine (NG) 5.15 5.53 
Diphenylamine (DPA) 6.05 7.69 
Artefact 6.22 8.00 
Phenoxazine 6.77 9.12 
4-(phenylamino)phenol  6.91 9.41 
Dibutylphthalate (DBP) 6.95 9.64 
2-nitroDPA (2NDPA) 7.04 9.74 
4-nitroDPA (4NDPA) 7.99 11.1 
 
